If the ability to store and/or handle copper in cells or plasma is overwhelmed, copper will be released from its stores via non-copper-dependent oxidative damage (e.g. myeloperoxidase-mediated oxidations) of sulfhydryl groups (1) or copper-mediated oxidative damage to biomolecules (2) . Indeed, the occurrence of loosely-bound copper ions has been reported for a number of clinical samples from pathological conditions involving oxidative stress and inflammation, such as in Wilson's disease plasma during an episode of fulminant hepatitis, rheumatoid arthritis synovial fluid, Parkinson's disease cerebrospinal fluid, senile plaques of Alzheimer's disease (3, 4) and blood, aqueous humor, and vitreous bodies of diabetes mellitus patients (5) . Copper-catalyzed oxidations and alteration of tissue components have been implicated in organ damage in many of these pathologies (2) (3) (4) (6) (7) (8) (9) (10) (11) , and in most of them a site-specific mechanism of oxidative damage to proteins and other biomolecules has been demonstrated (3, 7, (11) (12) (13) (14) (15) .
In addition, (bi)carbonate (CO 2 , H 2 CO 3 , HCO 3 -and CO 3 -2 ) has not only become recognized as an important component in vivo and in cell culture maintenance of acid-base balance, but has also been implicated in the modulation of the oxidative chemistry of peroxynitrite (16) (17) (18) and other reactive oxygen species (19, 20) . Thus, (bi)carbonate could affect the mechanism of oxidative damage to proteins by copper-catalyzed oxidations.
On the other hand, evidence of the involvement of free radicals in the oxidative damage to proteins by H 2 O 2 -induced, coppercatalyzed oxidations has been limited to the detection of protein fragmentation, carbonyl groups, and other end products resulting from oxidative modification of amino acids (8, 12, (21) (22) (23) (24) (25) . To our knowledge nobody has detected protein radicals in the well known system of human serum albumin (HSA 1 )/Cu(II)/H 2 O 2 . If such detection is possible by means of immuno-spin trapping (26, 27 ) (see Scheme I) it would represent a notable advantage of this technique over the standard ESR techniques for detecting protein radicals, which are compromised by the broad ESR signal of Cu(II) (28, 29) . Thus, immunospin trapping could be a powerful tool for detecting protein radicals in complex systems such as cells.
In the present investigation, in order to study H 2 O 2 -induced, copper-catalyzed protein radicals in functioning cells, we have validated the recently developed immuno-spin trapping technique with DMPO using the HSA/Cu(II)/H 2 O 2 system as a model. Our results suggest a novel mechanism to explain carbon dioxide-modulated, H 2 O 2 -induced, copper-catalyzed oxidation that can help us explain the highly specific DMPO trapping of protein radicals in cells exposed to Cu(II) and H 2 O 2 .
EXPERIMENTAL PROCEDURES
Reagents -Anhydrous CuCl 2 (99.999% purity), ZnCl 2 (99.999%), and NaHCO 3 (99.7 -100.3%) were purchased from Alfa Aesar (Ward Hill, MA). Human serum albumin (HSA, 99.99% purity), carbonate dehydratase (CA), bathocuproinedisulfonic acid (BCDS), diethylenetriaminepentaacetic acid (DTPA), sodium azide, and potassium cyanide were purchased from Sigma Chemical Co. (St. Louis, MO). ABTS, histidine, tyrosine, tryptophan, lysine, methionine, and cysteine were from MP Biomedical, Inc. (Aurora, OH Laboratories, Hercules, CA) to remove transition metals usually found in phosphate buffers as contaminants (30) . The pH of the buffer solutions containing NaHCO 3 was adjusted to 7.4 by bubbling a 5% CO 2 , 95% N 2 gas mixture into them.
Human serum albumin preparation -HSA (10 mg/ml) was dissolved in 100 mM sodium phosphate buffer (pH 7.4) treated with Chelex 100  . Before use, we passed our preparations of HSA through a pre-packed Sephadex G-25 column (PD-10, Amersham Pharmacia Biotech, Piscataway, NJ) equilibrated with 100 mM phosphate buffer to eliminate contaminating metals and preservatives. As a result of their physiological role in transporting metals, commercial preparations of albumin usually contain bound copper (~3.87 µmol Cu(II)/mmol albumin), indicating that nearly 0.4% of the albumin molecules carry bound copper [discussed in (31) ]. However, the incubation of our HSA preparations with 1 mM H 2 O 2 and 100 mM DMPO for 2 h at 37 o C did not produce either protein fragmentation or DMPO-HSA radicalderived nitrone adducts as assessed by SDS-PAGE or Western blot and ELISA, respectively, indicating that our HSA preparations do not contain significant catalytic copper. In addition, it has been noticed that in commercial preparations of bovine albumin, around 50% of their free sulfhydryl groups (Cys-34) have formed disulfide bonds (31) . In order to reduce disulfide bonds in our HSA preparation, 1 ml of 5 mg/ml HSA (~75 µM, 0.92 ± 0.04 sulfhydryl/albumin) was treated overnight with a twofold molar excess of 2-mercaptoethanol (BioRad)/ 0.2 mM EDTA at 4 o C followed by dialysis until the following morning against 2,000 volumes of chelexed phosphate buffer. The sulfhydryl/albumin molar ratio in our 2-mercaptoethanol-treated HSA preparations was 1.00 ± 0.05 (n=5), similar to that of the commercial preparation we used. Whether or not HSA preparations were treated with 2-mercaptoethanol made no significant difference in the amount of H 2 O 2 -induced copper-catalyzed DMPO-HSA radical-derived nitrone adducts. HSA concentration was determined from its 280 nm absorption band (ε 280nm = 43.6 mM -1 cm -1 ). HSA sulfhydryl groups -The analysis of free sulfhydryl groups in commercial and fully reduced (mercaptoalbumin) HSA was performed as previously described (32) . Briefly, 50 µl samples were mixed with 1 ml 0.25 M Tris base / 20 mM EDTA, pH 8.0, and 20 µl DTNB (4 mg/ml in methanol). After 15 min incubation at room temperature in the dark, the absorbance of the sample at 410 nm was measured and subtracted from a DTNB blank and a blank containing sample without DTNB. For calculation of sulfhydryl content, an extinction coefficient for 2-nitro-5-thiobenzoate at 410 nm equal to 13.6 mM -1 cm -1 was used. To determine the percentage of reduction of sulfhydryl groups by 2-mercaptoethanol, a fluorescent assay using ThioGlo-1 assay (33) was used. This result confirmed the data from our DTNB assay. Chemical reactions -Typically, reactions of HSA (0.5 mg/ml or 7.5 µM), 500 µM H 2 O 2 , and 10 µM Cu(II) were carried out in the presence or absence of 100 mM DMPO in 100 mM chelexed sodium phosphate buffer, pH 7.4, in a total volume of 300 µl. (10 mM) , and different concentrations of (bi)carbonate, which was added from a 1 M NaHCO 3 solution, was studied in 100 mM sodium phosphate buffer, pH 7.4. When HSA or carbonic dehydratase was added, their final concentration was 0.5 mg/ml or 0.1 mg/ml, respectively. The oxidation of ABTS was followed at 420 nm during the first minute after the addition of H 2 O 2 at room temperature, and the production of ABTS
•+ was determined using its extinction coefficient at 420 nm = 43.1 mM -1 cm -1 . Antiserum anti-spin trap -A rabbit antiserum against the nitrone form of DMPO was obtained in our laboratory and used successfully in the detection of myoglobin (35) , hemoglobin (36) (37) (38) , and Cu,Znsuperoxide dismutase (SOD1) residuecentered radicals (27) 
Enzyme linked immunosorbent assay (ELISA) -
The DMPO-protein radical-derived nitrone adducts were determined using a standard ELISA in 96 well plates (Greiner Labortechnik, Frickenhausen, Germany) as described previously (27) . SDS-PAGE, coomassie blue stain and anti-DMPO Western blot -Reaction mixtures were separated by reducing SDS-PAGE (1.2 µg/ lane). After electrophoresis, either gels were stained using Coomassie blue, or the proteins were blotted to a nitrocellulose membrane. Membranes were blocked with a 4 % coldwater fish gelatin solution in 100 mM (bi)carbonate buffer, pH 9.6, for 90 min at room temperature. Membranes were washed once with washing buffer (0.2 % cold-water fish skin gelatin in Tris-buffer saline, pH 7.4), then exposed to the antiserum anti-DMPO nitrone at a dilution of 1:5,000 in washing buffer for 1 h, followed by three washing steps. The secondary antiserum anti-rabbit IgG (Fc) was added at a dilution of 1:5,000 in washing buffer. After exposure for 1 h, the excess secondary antiserum was eliminated by washing. The immuno-complexes were detected by exposing membranes to NBT/BCIP One Step reagent from Pierce (Rockford, IL) for 15 min. Anti-DNP Western blot for carbonyl detection -Carbonyl groups in HSA were investigated using an OxyBlot Protein Oxidation Detection Kit from Chemicon International Inc. (Cat#S7150) following their protocol with some modifications. After incubation with the anti-dinitrophenylhydrazone (anti-DNP) antiserum and washing, antigen-antibody immunocomplexes were detected using the same system as that used in our anti-DMPO Western blots, except that the secondary antibody was used at a dilution of 1:2,500. (Fig. 1B) . The pattern of HSA fragmentation and carbonyl formation indicates the presence of multiple, but specific, susceptible sites of HSA fragmentation and supports the site-specific mechanism for oxidative damage to proteins by metal-catalyzed oxidations (6, 12, 14) . When DMPO was included in the reaction mixture, we observed H 2 O 2 -dependent, DMPO-HSA radical-derived nitrone adduct formation as assessed by ELISA (Fig. 1C) . DMPO-HSA radical-derived nitrone adducts were observed only when HSA, Cu(II), DMPO and H 2 O 2 were all present (see below). In addition, structural damage and generation of nitrone adducts were prevented in a concentration-dependent fashion by catalase or KCN (data not shown), suggesting that H 2 O 2 and redox-cycling of copper were necessary for the production of HSA-centered radicals and site-specific fragmentation of HSA. When the pH was varied and the reaction of HSA, Cu(II), H 2 O 2 and DMPO was carried out in 100 mM chelexed phosphate buffer, the fragmentation of HSA and DMPO-HSA radical-derived nitrone adduct production increased with increasing pH (data not shown). 1D, left panel) . Under these conditions and in the presence of 100 mM DMPO, 5 µM Cu(II) produced DMPO-HSA radical-derived nitrone adducts that were detectable by Western blot (Fig. 1D, right panel) . These nitrone adducts appeared as monomers, dimers, aggregates, and fragments of HSA, suggesting that there are multiple, but discrete, radical sites, i.e., DMPO-trappable backbone carbon-centered radicals, which are involved as intermediates in the site-specific fragmentation of HSA (6, 24) . When HSA was incubated with 100 mM DMPO, 500 µM H 2 O 2 , and varying concentrations of Cu(II), ELISA indicated that a concentration of Cu(II) as low as 1 µM was enough to produce detectable DMPO-HSA radical-derived nitrone adducts (~300 RLU, relative light units) (Fig. 1E ). Under our experimental conditions, the background signal in ELISA experiments in samples containing HSA and DMPO was always lower than 40 relative light units (data not shown), indicating that our HSA preparation does not contain significant copper. In addition, no DMPO-HSA radical-derived nitrone adducts were detected when DMPO was added after a 2 h incubation of HSA/Cu(II)/H 2 O 2 followed by the addition of catalase (data not shown), suggesting that DMPO traps, in real time, a short-lived species to form a radical adduct that decays to form the corresponding nitrone. DMPO traps HSA radicals and prevents fragmentation produced by copper-catalyzed oxidations -DMSO and benzoate ( Fig. 2A) as well as other scavengers of free hydroxyl radicals (i.e., ethanol, formate and Dmannitol) failed to protect HSA against oxidative fragmentation, ruling out a role for free hydroxyl radicals and, thereby, Fenton chemistry catalyzed by free copper in our system. We observed a DMPO-dependent protection against H 2 O 2 -induced, coppercatalyzed oxidative fragmentation of HSA (Fig. 2B ), carbonyl formation (Fig. 2C ) and increased production of DMPO-HSA radicalderived nitrone adducts (Fig. 2D) . Although DMPO inhibition of fragmentation and carbonyl group formation is consistent with the formation of DMPO nitrones of radical intermediates in the oxidative fragmentation of HSA, we cannot exclude the possibility that aromatic residues are also oxidized and trapped by DMPO to form protein-bound nitrones. In fact, some protein-nitrone adducts and carbonyl-containing HSA are present at the same molecular weight as native HSA (Figs. 1B, 1D o C showed that less than 5 % of the total Cu(II) was recovered in the filtrate (Fig. 3A, first lane) . When 0.5 mM H 2 O 2 was added to the above mixture, no copper [Cu(I)/Cu(II)] was recovered in the filtrate (Fig. 3A, second lane) , suggesting that in our system the added Cu(II) is completely bound to HSA and there is no Fenton chemistry resulting from free copper. When the Cu(II) chelator DTPA was added before the addition of H 2 O 2 , it inhibited DMPO-HSA radical-derived nitrone adduct formation (Fig.  3B) . A Cu(II)/DTPA ratio of approximately 1 was enough to decrease such nitrone adducts to almost background levels, whereas a BCDS/Cu(II) ratio equal to or higher than 5 was necessary to block the adduct formation (Fig. 3B) (Fig. 3C) . Zn(II) also decreased DMPO-HSA radicalderived nitrone adducts (Fig. 3D) . However, these effects required high concentrations of Zn(II) relative to Cu(II), i.e., a Zn(II):Cu(II) ratio of approximately 10 (Figs. 3C and 3D) . Furthermore, even the highest concentration of Zn(II) used in these studies, i.e., 1 mM, did not completely abolish H 2 O 2 -induced, coppercatalyzed oxidative damage to HSA (Figs. 3C  and 3D ), suggesting that Zn(II) could not displace Cu(I)/Cu(II) from some of its highaffinity binding sites as was recently proposed (39) . Alternatively, the free Cu(I)/Cu(II) displaced by Zn(II) may catalyze hydroxyl radical formation in solution, which forms HSA radicals in a non-site specific manner. Moreover, the addition of certain amino acids (1 mM) protected HSA (His>Cys>Tyr>Trp) against H 2 O 2 -induced, copper-catalyzed oxidative fragmentation (Fig. 4A) (Fig. 5A ), but decreased backbone oxidations, thereby protecting against fragmentation of HSA (Fig. 5B) . Fig.  5C shows that the inclusion of (bi)carbonate in systems containing Cu(II) and H 2 O 2 enhanced H 2 O 2 -induced, copper-catalyzed oxidation of the peroxidase substrate ABTS. These results agree with the observed enhanced oxidative damage to HSA by the Cu(II)/H 2 O 2 system when (bi)carbonate was added (Figs. 5A) . The rapid addition of 0.5 mg/ml active carbonate dehydratase to phosphate buffer containing 25 mM HCO 3 -produced a sharp increase (~9.6 times) in the rate of H 2 O 2 -induced, coppercatalyzed peroxidation of ABTS (Fig. 5C) . However, the inclusion of HSA or heatinactivated carbonate dehydratase (30 min at 70 o C in phosphate buffer, 0.5 mg/ml) to this system did not change the effect of (bi)carbonate on ABTS oxidation (Fig. 5C ). Taken together, these results suggest that free or HSA-bound, copper-catalyzed oxidations are enhanced by carbon dioxide. Carbon dioxide-dependent copper-catalyzed protein radicals in functioning cells -To investigate the role of (bi)carbonate in H 2 O 2 -induced, copper-catalyzed oxidations of proteins in RAW 264.7 macrophages, we exposed them to 1 mM H 2 O 2 and 10 µM Cu(II) for 30 min in phosphate buffer containing different concentrations of (bi)carbonate, and the effects of treatments on protein radicals and membrane permeability, a parameter of cell viability, were assessed by immuno-spin trapping and the trypan blue exclusion assay, respectively (Fig. 6A, closed  squares) . When cells were treated with different concentrations of Cu(II) and 1 mM H 2 O 2 in 100 mM chelexed phosphate buffer, pH 7.4, containing 100 mM (bi)carbonate (100 BB/PB), a copper-dependent increase in DMPO-protein radical-derived nitrone adducts was observed (Fig. 6B ) without significant changes in cell viability. With or without (bi)carbonate, the Cu(II)/H 2 O 2 system has no effect on the Coomassie blue protein stain (Fig. 6C, left panel) . We did observe that (bi)carbonate marginally increased carbonyl groups as demonstrated by anti-DNP Western blot (Fig. 6C, central panel) . Anti-DMPO Western blot analysis of macrophages exposed to 10 µM Cu(II) and 1 mM H 2 O 2 in phosphate buffer containing 25, 50 or 100 mM (bi)carbonate showed a marked dosedependent increase in DMPO-protein radicalderived nitrone adducts, exhibiting a distinct and specific (~15, 30 and 75 kDa) protein radical formation in macrophages (Fig. 6C,   right panel) . None of the treatments described in Figs. 6A-C produced more than a 20% loss of cell viability.
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With the well known HSA/Cu(II)/H 2 O 2 system, we have shown that DMPO trapped protein radicals, in situ and in real time, inside functioning cells; we have also investigated the mechanisms modulating radical formation that are triggered by carbon dioxide (Scheme II). After validating immunospin trapping for the detection of HSA radicals, we explored mechanistic aspects of the oxidative damage to HSA by coppercatalyzed oxidations ( Figs. 1 and 2 ). In the following paragraphs we discuss some new mechanistic insights and pathophysiological relevance of copper-catalyzed protein oxidation, which has been involved in many oxidative stress-associated pathologies (4,6,11,25,40-42), and its modulation by CO 2 . Production of HSA radicals by coppercatalyzed oxidation -Results presented in Fig.  4 suggest that His, Cys, Tyr and Trp prevent copper binding to HSA, as do the chelators DTPA and BCDS (Fig. 3B ). The addition of His, which chelates Cu(II)/Cu(I) (43, 44) , blocked protein fragmentation and protein radicals (Fig. 4) , whereas the addition of methionine to the reaction mixture does not affect protein radical formation, suggesting that under our experimental conditions, this amino acid is involved in neither copper binding nor DMPO nitrone adduct formation. The HSA molecule contains a Cys-34 and an N-terminal sequence Asp-Ala-His that constitute strong and physiological sites for the binding of Cu(II) (31, 39) . However, another multi-metal-specific [Cu(II), Ni(II), Zn(II) and Cd(II)] site in HSA has recently been characterized using spectroscopic techniques (UV-visible, circular dichroism and ESR) (39) . This second multi-metal binding site contains three imidazole ligands, most likely localized in the area of contact between domain I (His 105, His 146) and domain II (His 247) of HSA (39) . Thus, in order to avoid the chemistry of free copper in our system, we used less than saturating concentrations of Cu(II), i.e., 10 µM Cu(II), relative to the available copper-binding sites on HSA (~22.5 µM) (Fig. 2B) .
Once bound to HSA, copper ions can redox cycle (31) (45), which was not scavenged by scavengers of free hydroxyl radicals ( Fig. 2A) due to the high local effective concentration of targets in the protein (9, 14, 15) . In addition to data presented in Fig. 3A , this result ruled out the chemistry of free copper in our system and demonstrated that the bound-copper and sitespecific mechanisms are operating in our model.
DMPO protects HSA against coppercatalyzed fragmentation by trapping protein radicals, in situ and in real time, before they react with oxygen -
Copper-catalyzed, oxidant-induced HSA fragmentation was partially blocked by DMPO (Fig. 2) . This result can be explained by the known ability of DMPO to chelate Cu(II) (29) ; however, as seen in Fig. 2D , HSA radical-derived nitrone adducts were enhanced by DMPO. These results suggest that DMPO protects HSA against site-specific fragmentation because it traps intermediate species involved in the oxidative fragmentation of HSA, i.e., HSA carbon-centered radicals, in situ and in real time, before they can react with oxygen (see Scheme II). Moreover, it is important to note that backbone to side chain radical transfer mechanisms and their reverse can affect the nature of the protein radical trapped by DMPO [for a comprehensive review see (24) ; see also , which is present in biological systems at 25-30 mM, can alter the mechanism and reaction pathways of the reactive species formed during normal metabolic activity and under conditions of oxidative stress such as respiratory distress syndrome and ischemia reperfusion (46) . However, the role of (bi)carbonate in modulating oxidative damage to plasma proteins and cells has received relatively little attention. (Bi)carbonate, more likely CO 2 (23, (47) (48) (49) , has been reported to react with the H 2 O 2 -induced, enzyme-bound oxidant at the SOD1 active site to generate the diffusible oxidant CO 3 •− (50,51), which can oxidize substrates (51, 52) or SOD1 itself (27) . We observed that free Cu(II) and H 2 O 2 can oxidize peroxidase substrates such as NADPH (data not shown) and ABTS (Fig.  5C) ; this reaction is increased by (bi)carbonate addition and sharply enhanced by carbonate dehydratase (EC 4.2.1.1). The H 2 O 2 -induced, copper-catalyzed oxidation of ABTS was not affected by heat-inactivated carbonate dehydratase or HSA (Fig. 5C ), suggesting that protein-bound copper is not a necessary requisite for H 2 O 2 -induced, copper-catalyzed oxidation or its (bi)carbonate-enhanced peroxidation of peroxidase substrates. In the presence of carbonate dehydratase, the dehydration of H 2 CO 3 is very rapid (Eq. 1) with a consequent increase in the initial rate of ABTS oxidation, which suggests that CO 2 plays a key role in (bi)carbonate-enhanced, H 2 O 2 -induced, copper-catalyzed peroxidation of ABTS.
The property of metal-catalyzed oxidation of (bi)carbonate to CO 3 •− is not exclusive to Cu(II); instead, other metals such as Fe(II), Mn(II) and Co(II) share a similar peroxynitrite-or H 2 O 2 -induced, (bi)carbonateenhanced peroxidative activity without needing to be bound to proteins (6, 18, 19, 23) . The addition of (bi)carbonate to HSA incubated with H 2 O 2 and Cu(II) protected against protein fragmentation, but enhanced HSA-DMPO radical-derived nitrone adducts (Figs. 5A and 5B). In order to explain the apparent discrepancy between the decreased fragmentation and increased radical trapping in the presence of (bi)carbonate, we propose the formation of a free peroxocarbonate intermediate (see dotted arrows, Scheme II); CO 2 and the hydroperoxide anion ( − OOH) are in equilibrium with K eq = 0.33 M -1 (Eq. 2) (53,54). relative to the hydroxyl radical-like species is reflected in a much more kinetically favored reaction. Moreover, in the presence of excess H 2 O 2 , side chain oxidation will occur catalytically through copper redox-cycling (31), whereas in the absence of (bi)carbonate, fragmentation will destroy the copper-binding site.
Our experiments (Figs. 5A and 5B) also suggested that H 2 O 2 -induced, coppercatalyzed oxidations mediated by a hydroxylradical-like species fragment the protein, whereas the CO 3
•− does not, potentially an important distinction between their mechanisms of oxidative damage (Scheme II). These data would suggest that coppercatalyzed reduction of HOOCO 2 − produces CO 3 •− and subsequent protein oxidation (see Scheme II), but not fragmentation. In fact, the reaction between CO 3
•− (E = 1.78 V, (16) (56) . However, free radical scavenging properties of cellular antioxidants (e.g., L-ascorbate and reduced glutathione) (57) and decay of radical adducts (58) have made the detection of protein radicals in functioning cells challenging. On the other hand, DMPO is a neutral, water-soluble nitrone spin trap that can easily diffuse through cell membranes to reach high distribution volumes in biological systems (59) . In addition, DMPO exhibits low toxicity to cell cultures (58) . The addition of (bi)carbonate to an incubation medium containing functioning cells, H 2 O 2 and Cu(II) (Fig. 6) FIGURE LEGENDS Scheme I. Schematic representation of current approaches to detecting protein radicals. In spin trapping, short-lived free radicals react with spin traps (usually nitrone or nitroso compounds) to form relatively stable paramagnetic nitroxide radical adducts which can be examined using electron spin resonance (ESR) spectroscopy. Typically, after a few seconds or minutes, DMPO-protein radical adducts decay, at least in part, to ESR-silent nitrone adducts which can be detected and characterized by immuno-spin trapping. This technique combines the specificity of spin trapping with the sensitivity of antigen-antibody interactions to detect protein radicals as DMPO-protein radicalderived nitrone adducts (26, 36) . See Introduction section for more details. . Effect of (bi)carbonate on copper-catalyzed oxidative damage to HSA. A, 7.5 µM HSA was reacted with 10 µM Cu(II), 100 mM DMPO, and 500 µM H 2 O 2 in the presence of varying concentrations of (bi)carbonate in 100 mM phosphate buffer (PB), pH 7.4, for 2 h at 37 o C. After incubation, the reaction was stopped by adding 10 µl of the catalase/DTPA mixture; B, same as A, but without DMPO; C, Reaction mixtures contained 0.5 mM ABTS, 10 mM H 2 O 2 , 50 µM Cu(II), and either active or heatinactivated carbonate dehydratase (CA or inact. CA, respectively) or 0.5 mg/ml HSA in 1 ml PB containing different concentrations of (bi)carbonate buffer. The initial rate of ABTS oxidation was determined as described under EXPERIMENTAL PROCEDURES. M indicates a molecular weight marker. 
